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Introduction
Low back pain is one of the most important diseases 
that disturb daily activities of patients. Lumbar spinal 
canal stenosis (LSCS) and lumbar disc herniation (LDH) 
are among the reasons for low back pain. LSCS refers 
to disease in which spinal canal becomes narrower and 
leads to pain, numbness and weakness in lower limbs.1 
LDH is a shift of disc between vertebrae outside the 
intervertebral disc space.2 Spinal surgeries in many 
cases are recommended to the patients with low back 
pain as treatment strategy. Posterior spinal fusion (PSF) 
surgery is applied for treatment of LDH and LSCS when 
conservative treatments are not efficient.3
Analysis of diagnostic factors in order to low-cost 
evaluation and more precise diagnosis can assist 
neurosurgeons in decision making. In modern medicine, 
more accurate  investigation of important variables, 
computationally, and determination of a cutoff point for 
them, alongside routine neuroimaging methods, can play 
a valuable role in low-cost and easier diagnosis of diseases 
in neurosurgery field.
Mohammadi et al determined the optimal cut-off point 
of 0.52 for SR in laminectomy surgery without fusion 
to specify the role of this variable in predicting surgery 
satisfaction in patients with LSCS, for this purpose SR 
was compared with Neurogenic Claudication Outcome 
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Abstract
Background: The aim of this study was to investigate effect of some clinical attributes in prediction of 
satisfaction with posterior spinal fusion (PSF) surgery in patients with lumbar disc herniation (LDH) 
and lumbar spinal canal stenosis (LSCS) and determine a cut-off point for these attributes.
Methods: The attributes such as stenosis ratio (SR) values (described by Lurencin), Japanese 
Orthopaedic Association (JOA), The Zung depression scale (ZDS), duration of symptoms (in 
months), were investigated for 329 patients with LSCS and 151 patients with LDH separately. Patient 
satisfaction was recorded based on the international standard questionnaire Swiss Spinal Stenosis 
Score (SSS). The sensitivity and specificity values and the optimal cut-off points were calculated 
for SR, JOA, ZDS and duration of symptoms using receiver operating characteristic (ROC) analysis.
Results: One hundred fifty-one patients with LDH (39 male, 112 female; mean age 50.24 ± 9.21 
years) and 329 patients with LSCS (111 male, 218 female; mean age 53.28 ±7.81 years) were 
followed–up for 6 months. Post-surgical satisfaction was 73.86% in patients with LSCS and 85.43% 
in patients with LDH. The cut-off point of SR for prediction of besting surgical outcome was estimated 
more than 0.46 with asymptotic significance less than 0.05, 60% sensitivity and 75% specificity in 
LSCS patients (AUC-0.705, 95% CI, 0.644–0.766; P < 0.001). 
Conclusion: The findings show that the SR with a cut off value of 0.46 cross sectional area, in patients 
with LSCS may be superior to JOA, duration of symptoms and ZDS for prediction of satisfaction with 
PSF surgery.
Keywords: Surgical satisfaction; Posterior spinal fusion; Stenosis ratio; Japanese Orthopaedic 
Association score; Zung depression scale.
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Score (NCOC) and walking distance.4 Fujimori et al 
validated the JOA scoring system based on self-reported 
improvement and the best cutoff points and the area 
under the curve (AUC) for JOA were calculated for 
posterior lumbar interbody fusion surgery in patients 
with spondylolisthesis.5 Azimi et al reported an optimal 
cut-off point for Pain Sensitivity Questionnaire (PSQ) 
to achieve a more precise scale for prediction surgery 
outcome in patients with LDH.6 Donk et al reported that 
Neck Disability Index (NDI) correlated with a desirable 
outcome in anterior cervical surgery, for this purpose 
a cutoff point of seven or less was proposed for NDI.7 
Matsumoto et al presented a new scoring system for 
preoperative decision making to diagnose malignant and 
benign spinal dumbbell tumors by determination of an 
optimum cut-off value for the dumbbell scoring system 
(DSS).8 The area under the ROC curve analysis as an 
efficient tool for prediction and classification is used in 
medical researchers.9
The study that compares cut-off values for effective 
factors in successful prediction of PSF surgery in 
patients with LDH and LSCS, have not been previously 
investigated.
The aim of this study is to specify independent and 
effective variables that predict outcome of PSF surgery in 
patients with LSCS and LDH and calculate the optimal 
cut-off value of these variables. In this study the optimal 
cut-off point of stenosis ratio (SR), Japanese Orthopaedic 
Association (JOA) score, duration of symptoms and 
the Zung depression scale (ZDS), were obtained and 
compared in patients with LDH and LSCS by receiver 
operating characteristic (ROC) curve analysis at the 6 
months follow up.
Materials and Methods 
Patients and Data Collection 
Between January 2015 and October 2016, 151 patients with 
LDH and 329 patients with LSCS were referred to Shohada 
Tajrish Hospital as neurosurgical center of excellence of 
Iran, in Tehran, for PSF surgery. All the patients were 
treated by PSF surgery. It means only patients entered 
the study that PSF surgery was diagnosed as the most 
appropriate treatment for them by neurosurgeons. We 
only studied patients who were candidates for PSF surgery 
because of serious instability in lumbar spinal canal, this 
diagnosis was confirmed by at least two neurosurgeons, 
both in the patients with LDH and patients with LSCS. 
In fact, patients became candidates for PSF surgery under 
the condition that the “discectomy” and “decompression 
surgery without fusion” were not an effective treatment 
for them. 
 Imaging studies including CT and MRI of the lumbar 
spine and clinical examinations were investigated for all 
the patients with LDH and LSCS.  Data for patients was 
included demographic such as age, gender and some 
of the clinical attributes of patients such as duration of 
symptoms (in months), JOA, The ZDS, and SR values. 
The patient satisfaction with surgery was assessed based 
on International standard questionnaire Swiss Spinal 
Stenosis Score (SSS).10 Postoperative assessment for 
patients was performed at least 6 months after surgery.
Additional Measures
The SR value is a scale to specify intensity of stenosis. This 
scale that is shown as a number between o and 1, is the 
cross-sectional area of the canal at the axial MRI image 
with presentation the greatest neurological compression 
at disc level over the cross-sectional area at the pedicle 
level above.11 In this work the SR is calculated for the most 
stenotic level.
JOA score is a tool for assessment of sensory and motor 
status and severity of pain in patients with low back pain. 
The JOA score is computed total 29 points; a high JOA 
score shows a better condition for patient.12
The ZDS is a 20-item questioner that ranges between 
20 and 80. The ZDS evaluates depression in patients; the 
score more than 55 indicates depression.13
The SSS as an international standard questionnaire, 
assesses physical function characteristics, lumbar spine 
disability and treatment outcomes in lumbar spinal 
stenosis. To determine the patient satisfaction, questions 
13 to 18 were evaluated,10 in this way, patients were 
classified as 2 classes: satisfied and unsatisfied patient. 
A cut-off point for SR, the JOA score, the ZDS score 
and duration of symptoms were determined by ROC 
analysis to beget a new insight for prediction of surgical 
satisfaction in patients with LDH and LSCS separately. 
Statistical Analysis
The ROC curve analysis and statistical calculations were 
performed by PASW Statistics 16 version 16 (SPSS Inc., 
2007, Chicago, IL, USA) to estimate the optimal cut-
off point of SR, the JOA score, the ZDS and duration of 
symptoms in patients with LDH and LSCS separately. 
Areas under the curve (AUC) were measured for 
comparison of the accuracy of tests and importance of 
variables. The high AUC as an index indicates high ability 
of model prediction and importance of the variable role 
in prediction. There is a category for different values 
of AUC: no discrimination (AUC = 0.50), acceptable 
discrimination (0.7≤ AUC <0.8), excellent discrimination 
(0.8≤AUC<0.9), and outstanding discrimination (AUC 
more than 0.9).14 The maximal sensitivity and specificity 
were calculated for each variable in patients with LDH 
and patients with LSCS separately. 
Results
The demographics of the 329 patients with LSCS and 
their scores on the JOA, the ZDS, duration of symptoms 
and SR are presented in Table 1. The demographics of the 
151patients with LDH and their scores on the JOA, the 
ZDS, duration of symptoms and SR are presented in Table 
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2. All the patients were treated by PSF surgery. Follow up 
was at least 6 months. The satisfaction with PSF surgery 
was 73.86% and 85.43 % in patients with LSCS and LDH 
respectively. 
Table 3 shows that the AUC, the optimal cut-off point 
and maximal sensitivity and specificity are calculated for 
SR, the JOA score, the ZDS and duration of symptom in 
patients with LSCS and compared with each other. Table 
3 presents that SR, ZDS and JOA score can be significant 
predictors for prediction of outcome surgery because of 
significant level less than 0.05, although AUC values show 
that SR have more ability for prediction in comparison 
with JOA and ZDS. The AUC for the SR in Table 3 is 
70.5% which is an acceptable and relatively favorable 
value to predict satisfaction with surgery. AUC value 
is determined based on besting surgical outcome and 
patient satisfaction so increase of SR and JOA values has 
a direct relationship with patient satisfaction but ZDS has 
Table 1. Clinical Attributes of Patients With LSCS Before Surgery
Characteristics Mean±SD
Age, y 53.28 ±7.81
Gender (male), % 33.73%
Duration of symptoms (mon) 115.36 ± 75.08
Japanese Orthopaedic Association 8.13 ± 3.58
The Zung depression scale 48.21 ± 7.22
Stenosis ratio values 0.46 ± 0.12
Table 2. Clinical Attributes of Patients With LDH Before Surgery
Characteristics Mean±SD
Age, y 50.24 ± 9.21
Gender (male), % 25.82%
Duration of symptoms (mon) 82.10 ± 57.09
Japanese Orthopaedic Association 7.80 ± 3.42
The Zung depression scale 48.78 ± 8.95
Stenosis ratio values 0.45 ± 0.12
Table 3. Calculation of Area Under the ROC Curve and Cut-off Points for SR, JOA, ZDS and Duration of Symptoms in Patients With LSCS
Model/ Parameter AUC P* Cut-off Sensitivity Specificity
Stenosis ratio 70.5% 0.000 0.4684 0.601 0.756
Japanese Orthopaedic Association 60.9% 0.003 6.5 0.757 0.465
Duration of symptoms 45% 0.169 38.7496 0.852 0.174
The Zung  depression Scale 36.3% 0.000 30.5 0.70 0.14
Table 4. Calculation of Area Under the ROC Curve and Cut-off Points for SR, JOA, ZDS and Duration of Symptoms in Patients With LDH
Model/ Parameter AUC P* Cut-off Sensitivity Specificity
Stenosis ratio 60.2% 0.126 0.3428 0.845 0.409
Japanese Orthopaedic Association 54.1% 0.539 10.5 0.256 0.864
Duration of symptoms 51.5% 0.827 32.5338 0.814 0.318
The Zung  depression Scale 46.2% .569 46.0035 0.643 0.409
an inverse relationship with patient satisfaction. It means 
depression in patients reduces surgical satisfaction. AUC 
value of ZDS for worsening surgical satisfaction is 63.7% 
with significant level of 0.
Table 4 shows that the AUC, the optimal cut-off point 
and maximal sensitivity and specificity are calculated for 
SR, the JOA score, the ZDS and duration of symptom in 
patients with LDH and compared with each other. Table4 
presents that asymptotic significance for all the variables 
is more than 0.05 so none of the mentioned variables are 
proper predictors for prediction of satisfaction with PSF 
surgery in LDH patients.
According to the ROC curve analysis, the optimal cut-
off point of SR was achieved 0.46 to predict besting surgical 
satisfaction with 60% sensitivity and 75% specificity in 
patients with LSCS. The finding is shown in Figure 1.
Discussion
Determination of a cut-off value for effective clinical 
characteristics assists clinician in decision making. The 
present study aimed to measure the optimal cut-off 
point for SR to predict success of PSF surgery in patients 
with LSCS and LDH in an Iranian population, and the 
proposed optimal cut-off point was 0.46 in patients with 
LSCS, using ROC analysis. It means that LSCS patients 
with SR >0.46, were more satisfied with PSF surgery and 
in patients with LDH, none of the SR, JOA, ZDS and 
duration of symptoms, were recognized as significant 
predictors. 
Table 3 shows that AUC values for the ZDS, duration 
of symptoms and the JOA score, in patients with LSCS 
was only 60.9%, 45% and 36.3% respectively, that is very 
lower than the SR method. It means the SR variable, in 
comparison with the JOA score, duration of symptoms 
and the ZDS, can predict satisfaction of PSF surgery more 
reliably. Involved spinal level was between one and six 
levels. Age range was between 27 and 72 in patients with 
LDH and between 30 and 75 in patients with LSCS.
Among patients with LSCS 11.24% and among patients 
with LDH 15% were smoker and the majority of patients 
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had long duration more than one year of back and leg 
pain.
The SR was evaluated at the most stenotic level. There are 
some articles that have assessed the role of other variables in 
satisfaction with spinal surgery for example Sigmundsson 
et al performed a study in patients with central spinal 
stenosis without degenerative spondylolisthesis and 
reported that smoker and unemployed patients and 
patients with back pain predominance and light work 
were more often dissatisfied, also the patients that had 
duration of leg and back pain more than one year and 
previous surgery were more often dissatisfied.15
Sigmundsson et al performed another study to 
compare outcome in decompression with and without 
fusion surgery and showed that decompression with 
degenerative spondylolisthesis had better outcomes with 
fusion in spinal stenosis.16
Aizawa et al established a self-administered, self-
reported history questionnaire as a diagnostic support 
tool to diagnose spinal stenosis and LDH by using 
determination of a cut-off point for each group.17
Tetreault et al determined cut-off values on the modified 
JOA score for mild, moderate and severe myelopathy in 
patients with degenerative cervical myelopathy. They 
reported a mJOA from 15 to 17 as mild, a mJOA from 
12 to 14 as moderate and a mJOA from 0 to 11 as severe 
myelopathy.18
Otani et al measured a cut-off point for growth hormone 
levels in blood samples as an indicator and predictor of 
postoperation in transsphenoidal surgery.19
Takenaka et al calculated cut-off values for C-methionine, 
C-choline and F-fluorodeoxyglucose positron emission 
tomography to diagnose glioma recurrence.20
Based on the aforementioned, determination of a range 
or value for some important clinical factors can give an 
insight into the surgeon. To our knowledge, this is the 
first work to compare the cut-off value for SR in patients 
with LDH and LSCS for diagnosis of satisfaction with PSF 
surgery. Another report had specified SR cut-off point 
Figure 1. ROC Curve of SR for Prediction of Surgical Success in 
Patients With LSCS (AUC-0.70, 95% CI, 0.644–0.766; P < 0.001).
for prediction of surgical success (laminectomy without 
fusion) in patients with LSCS.4
Present study has some limitations. A limitation of 
this study is short-term follow-up after surgery. Further 
studies are needed to investigate surgical satisfaction 
at the more long-term follow-up. Second, because of 
retrospective nature of this study, there was no possibility 
of calculating some of the factors.
Conclusion
This work showed that the SR with a cut off value of 
0.46 cross sectional area, in patients with LSCS may be 
preferred to ZDS, JOA and duration of symptoms to 
predict success in PSF surgery, but in patients with LDH, 
according to the asymptotic significance more than 0.05 
for SR, JOA, ZDS and duration of symptoms, none of the 
aforesaid variables are not acceptable for prediction of 
outcome of PSF surgery.
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